Characterization of tightly bound substrates in pure preparations of dihydrofolate reductase: implications for studies on enzymes.
Investigations have been made to determine the identity and binding characteristics of the pterins that are bound tightly to dihydrofolate reductases which are isolated from vertebrate sources by a well established procedure. This procedure involves the binding of enzyme to a Sepharose-methotrexate column, elution with dihydrofolate and removal of free dihydrofolate by dialysis or by size-exclusion chromatography. Addition to such preparations of NADPH results in oxidation of the nucleotide and from the progress curves so obtained, it is possible to identify the bound pterin and to calculate the stoichiometry of binding. The data indicated that stoichiometric amounts of dihydrofolate or folate plus dihydrofolate were bound to the dihydrofolate reductases. It can also be concluded that binding occurs at the active sites of the enzymes. Enzyme preparations from which bound pterin had been removed by isoelectric focussing reacted with folate or dihydrofolate to form 1:1 enzyme-pterin complexes from which the pterin could not be removed by dialysis or by size-exclusion chromatography. From the magnitude of the dissociation constants for the enzyme-pterin complexes and the concentration of enzyme present in fractions after the step involving affinity chromatography on Sepharose-methotrexate, it could be concluded that the presence of bound folate and/or dihydrofolate in pure preparations of dihydrofolate reductase is simply a consequence of an association-dissociation reaction. Preparations of the enzyme from bacterial sources were also found to contain bound pterins. The findings have implications with respect to kinetic and thermodynamic studies on dihydrofolate reductase and other enzymes which are isolated by affinity chromatography techniques.